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ABSTRACT

End-stage renal disease is closely associated with changes in bone and mineral
metabolism. In recent times, osteoporosis has become important among hemo-
dialysis (HD) patients. In this study, the investigators sought to evaluate the rela-
tionship between bone mineral density (BMD) and biochemical markers of bone
turnover among HD patients. A total of 70 uremic patients on a maintenance HD
program for at least 1 y were enrolled in the study. All patients were treated with
conventional bicarbonated HD for 5 h through the use of low-flux hollow-fiber
dialyzers. Bone densitometry was measured by dual energy x-ray absorptiometry
in the lumbar spine (LS) and the femoral neck (FN). BMD was classified accord-
ing to World Health Organization criteria on the basis of BMD T scores. Bio-
chemical bone turnover markers such as calcium, phosphorus, ionized calcium,
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intact parathyroid hormone, alkaline phosphatase, plasma bicarbonate, blood pH, serum albu-
min, and hematocrit levels were measured before the HD session in the morning. Male
patients (n=37; 52.9%; mean age, 46.2±17.0 y) were assigned to a single study group, and
female patients (n=33; 47.1%; mean age, 44.0±13.1 y) to another. Mean duration of HD treat-
ment was 33.7±28.5 mo in females and 33.0±26.0 mo in males. Among all patients, BMD T
scores in the osteopenia/osteoporosis range were observed at the LS in 58 patients (82.8%) and
at the FN in 45 patients (64.3%). According to BMD measurements in FN T score, 10% of
patients (n=7) were osteoporotic, 54.3% (n=38), osteopenic, and 35.7% (n=25), normal. On
the other hand, in LS T score, the results were 47.1% (n=33) osteoporotic, 35.7% (n=25),
osteopenic, and 17.1% (n=12), normal. No statistically significant association was found in
osteopenia/osteoporosis between sexes according to FN and LS T score (P=.542, P=.267,
respectively). No significant relationship was noted between BMD and biochemical markers
of bone turnover. A positive correlation was found between FN T scores of BMD and age
(r=.413, P=.000). BMD T scores within the range of scores for osteopenia/osteoporosis were
observed in 78.5% of patients at the LS and in 58.5% of patients at the FN. The investigators
concluded that no correlation could be found between markers of bone turnover and bone
mass measurements in both skeletal regions. LS T score results were worse than FN T score
results. Elevated alkaline phosphastase levels combined with high intact parathyroid hormone
levels are predictive of renal osteodystrophy but not of adynamic bone disease/osteoporosis. 
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INTRODUCTION

End-stage renal disease (ESRD) is closely associated with changes in bone and
mineral metabolism. Approximately half of patients exhibit signs of secondary
hyperparathyroidism at the beginning of hemodialysis (HD); in one third of these
patients, adynamic bone disease may be diagnosed.1 In addition, because of
advanced age, poor nutritional status, sedentary lifestyle, drugs such as immuno-
suppressants and steroids, inadequacy of hemodialysis, and chronic acidosis, these
patients may be at high risk for developing osteoporosis.2,3

In recent times, osteoporosis has become more important in the HD population.4-6

Although it is known that the double-labeled tetracycline biopsy is the gold stan-
dard for diagnosis of adynamic bone disease, it is invasive and is associated with
practical difficulties. Therefore, new techniques and biochemical markers are under
investigation for the diagnosis of adynamic bone diseases, such as osteopenia and
osteoporosis.3,5

In this study, the investigators sought to evaluate the relationship between bone
mineral density (BMD) and biochemical markers of bone turnover.

MATERIALS AND METHODS

A total of 70 uremic patients who were on a maintenance HD program for at least 
1 y were enrolled in the study. All patients were treated with conventional bicarbonat-
ed HD for 5 h 3 times per week with the use of low-flux polysulfon hollow-fiber dia-
lyzers (Fresenius Medical Care, Bad Homburg, Germany). BMD was measured in the
lumbar spine (LS) and the femoral neck (FN) with the use of the Hologic DEXA system
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osteodensitometer (Hologic QDR–1000, Bedford, Mass). BMD was classified according
to World Health Organization criteria: T scores within 1 standard deviation (SD) (+1 
or –1) of the young adult mean were accepted as normal, those 1 to 2.5 SD below 
the young adult mean (–1 to –2.5 SD) as osteopenia, and values 2.5 SD or more below
the young adult mean (≤–2.5 SD) as osteoporosis. Blood samples tested to assess bio-
chemical bone turnover markers were collected before the HD session in the morning.

Biochemical bone turnover markers such as calcium (Ca), phosphorus (P), and alka-
line phosphatase (ALP) were measured with the use of routine biochemical proce-
dures performed on the Aeroset/C8000 autoanalyzer (Abbott Diagnostics, Abbott
Park, Ill); intact parathyroid hormone (iPTH) was detected through 2-site chemilu-
minescent enzyme-labeled immunometric methods with the use of DPC Immulite
2000 (Diagnostic Products Corp., Los Angeles, Calif). Plasma bicarbonate (HCO3),
blood pH, and ionized Ca levels were assessed in heparinized arterial blood with the
use of the radiometer ABL 735 blood gas analyzer (Radiometer Ltd, West Sussex,
UK). Complete blood counts were measured on CELL-DYN 3700 (Abbott Diagno-
stics). Urea clearance time × dialysis time/volume (Kt/V) values of all patients were
calculated with the use of the Daugirdas formula. Male patients were assigned to one
group, and female patients to another. 

Statistical analyses were conducted with Student’s t test and Pearson’s correla-
tion with the use of the Statistical Package for the Social Sciences (SPSS), version 11 
(SPSS Inc., Chicago, Ill); data were shown as ±SD, and P<.05 was considered statis-
tically significant. 

RESULTS

Thirty seven (52.9%) of the 70 patients were men (group 1) and 33 (47.1%) were
women (group 2), with a mean age (±SD) of 46.2±17.0 and 44.0±13.1 y, respectively.
Mean duration of HD treatment was 33.0±26.0 mo for men and 33.7±8.5 for women.
Demographic features, biochemical findings, and hematologic parameters of
patients according to sex are shown in Table 1. BMD T scores in the osteopenia/
osteoporosis range were observed at the LS in 58 patients (82.8%) and at the FN in
45 patients (64.3%). According to BMD measurements in the FN T score, 10% (n=7)
of patients were osteoporotic, 54.3% (n=38) were osteopenic, and 35.7% (n=25) were
normal; on the other hand, in terms of the LS T score, 47.1% (n=33) were seen to be
osteoporotic, 35.7% (n=25), osteopenic, and 17.1% (n=12), normal. DEXA results of
all patients are shown in Table 2. No statistically significant association was found
in osteopenia/osteoporosis between sexes according to FN and LS T scores (P=.542
and P=.267, respectively); these results are detailed in Table 3. DEXA results of
patients according to skeletal region are shown in Table 4.

Positive correlations between duration of HD and Kt/V, blood pH, and HCO3
(r=.224, P=.042; r=.249, P=.038; r=.266, P=.026, respectively) were noted. A positive
correlation was found between blood Ca levels and blood pH and HCO3 (r=.387,
P=.001; r=.274, P=.022, respectively). A negative correlation was found between lev-
els of phosphorus and blood pH and HCO3 (r=–.290, P=.015; r=–.284, P=.017, respec-
tively), and between iPTH levels and HCO3 (r=–.260, P=.030). A positive correlation
was found between BMD T score of FN and patient age (r=.413, P=.001), and
between iPTH and ALP levels (r=.0408, P=.001). No statistically significant relation-
ship was observed between BMD and biochemical markers of bone turnover 
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(ie, between BMD and Ca, P, ALP, and iPTH). Pearson’s correlation results are shown
in Table 5.
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Group 1 Group 2
Characteristics (n=37) (n=33) P Value

Age, y 46.2±17.0 44.0±13.1 .554

HD duration, mo 33.0±26.0 33.7±28.5 .908

Kt/V 1.13±0.28 1.20±0.29 .316

Hct, % 31.5±4.5 30.3±4.8 .284

Albumin, g/dL 3.6±0.3 3.4±0.4 .029

Ca, mg/dL 9.1±1.3 8.6±0.9 .100

P, mg/dL 5.3±1.8 5.2±1.4 .730

CaXP, mg2/dL2 49.9±22.3 45.3±12.7 .310

iPTH, pg/mL 326.7±281.6 531.4±394.4 .014

ALP, mg/dL 115.7±67.2 131.0±75.0 .371

HCO3, mmol/L 21.2±3.2 19.6±2.8 .025

Hct=hematocrit; CaXP=calcium × phosphate. 

Table 1. Demographic Features and Biochemical and Hematologic Parameters 
of Study Patients

T Score, Z Score, Normal Osteopenia Osteoporosis
T Score Mean±SD Mean±SD Rate, % Rate, % Rate, %

Femur neck –1.27±0.87 –1.01±0.69 35.7 54.3 10.0

Lumbar spine –2.32±1.32 –1.95±0.87 17.1 35.7 47.1

Table 2. DEXA Results for Individual Study Patients 

Group 1 Group 2
Characteristics (n=37) (n=33) P Value

BMD in FN 0.84±0.12 0.84±0.15 .797

BMD in LS 0.81±0.16 0.85±0.17 .339

FN T score –1.30±0.82 –1.23±0.93 .763

LS T score –2.57±1.30 –2.03±1.29 .087

Table 3. DEXA Results for Study Groups



DISCUSSION

Renal osteodystrophy is a universal complication of uremia. These metabolic
bone conditions have a wide spectrum ranging from secondary hyperparathy-
roidism to adynamic bone disease and osteoporosis.6 Osteoporosis also may devel-
op in patients with ESRD for many reasons beyond postmenopausal bone loss 
(in women) and age-related bone loss (in both sexes) and it is an important factor
that increases morbidity in the HD population.7,8 Patients with renal failure, espe-
cially those who are undergoing HD, are at high risk for low BMD and fracture
because of associated risk factors, such as a sedentary lifestyle; the use of drugs such
as heparin, corticosteroids, and immunosuppressants; acidosis; and uremic toxins.6,9

The diagnosis of osteoporosis in patients on HD is not as easy to confirm as it is
in postmenopausal patients or in the normal population because, in the HD popu-
lation, all forms of renal bone disease may cause fracture or result in low T scores.10

Recent research has been conducted to explore new diagnostic, noninvasive meth-
ods and biochemical parameters for the diagnosis of osteoporosis in the ESRD pop-
ulation.11-14 Zayour et al12 reported the rate of osteoporosis as 55% in men and 87%
in women undergoing HD; they suggested that sex, diabetes mellitus, and duration
of HD were predictors of low BMD. In the present study, these rates were lower.
According to BMD measurements in FN T score and LS T score, 10% and 47.1% of
patients, respectively, were osteoporotic. 
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Femur Neck Lumbar Spine
T Score Group 1, n Group 2, n Group 1, n Group 2, n

Normal (+1 or –1) 11 14 4 8

Osteopenia (–1 to –2.5) 22 16 13 12

Osteoporosis (≤–2.5) 4 3 20 13

Table 4. DEXA Results of Study Patients by Group According to Skeletal Region 

Femur Neck Lumbar Spine
Parameters r P Value r P Value

Calcium .102 .401 –.055 .650

Phosphorus .176 .144 –.053 .661

Alkaline phosphatase –.137 .257 .020 .867

iPTH –.066 .590 –.029 .814

Table 5. Results of Pearson’s Correlation According to Skeletal Region
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Fig 1. Comparison of T scores by patient sex.
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Fig 2. Comparison of femur and spine T scores by patient sex. 



In contrast to the study of Zayour et al,12 the current investigators found no sta-
tistically significant association in osteopenia/osteoporosis between the sexes,
according to FN and LS T scores (P=.763 and P=.087, respectively) (Fig 1). A positive
correlation was found, however, between the BMD T score of FN and patient age
(r=.413, P=.000). These findings suggest that age is an important predictor of BMD
in the HD population. In addition, the investigators found that patient LS T scores
were generally worse than FN T scores (P=.001) (Fig 2). 

Several studies have reported a negative association between iPTH levels with
the use of a variety of measurements of BMD7,15,16; others have failed to show a neg-
ative association between iPTH levels and BMD.17,18 Study data revealed no correla-
tion between iPTH and BMD, and between BMD and other biochemical parameters,
such as ALP, Ca, and P, that were used as predictors of renal osteodystrophy. The
findings show that although these parameters are valuable predictors of renal
osteodystrophy and cardiovascular complications in HD patients, they may not be
useful for determining osteopenia/osteoporosis in this population. A positive corre-
lation was found between iPTH and ALP levels (r=.408, P<.001). Although these 
2 biochemical parameters are important markers of bone metabolism, elevated ALP
levels combined with high iPTH levels may be predictive of renal osteodystrophy
but not of adynamic bone disease/osteoporosis.

It is well known that chronic acidosis has adverse effects on bone metabolism in
patients with ESRD.19-22 Lemann et al19 suggested that maintenance of acidosis relies
on mobilization of bone minerals that causes a negative calcium balance; this nega-
tive balance results in bone demineralization, osteopenia, and fracture. In another
study, Movilli et al20 showed that correction of metabolic acidosis in HD patients
reduces iPTH concentrations. Chronic acidosis in patients with ESRD contributes to
renal osteodystrophy; together with hyperphosphatemia, hypocalcemia, and altered
vitamin D metabolism, this may result in increased levels of iPTH. In keeping with
these results, the investigators in the present study found a negative correlation
between iPTH and HCO3 levels (r=–.260, P=.030). Levels of iPTH were higher in
patients with lower HCO3 levels. A positive correlation was found between blood Ca
levels and blood pH and HCO3 (r=.387, P=.001; r=.274, P=.022, respectively). 
A negative correlation was found between levels of phosphorus and blood pH and
HCO3 (r=–.290, P=.015; r=–.284, P=.017, respectively). In addition to these correlations,
another important positive correlation was noted between duration of HD and Kt/V,
blood pH, and HCO3 (r=.224, P=.042; r=.249, P=.038; r=.266, P=.026, respectively); this
suggested the importance of dialysis adequacy for bone metabolism. 

In conclusion, the investigators reported no correlation between markers of bone
turnover and bone mass measurements in skeletal regions of the FN and the LS. 
LS T score results were worse than FN T score results. Correlations that were found
between blood acidity parameters (pH, HCO3) and elements, such as Ca and P,
showed the importance of acid-base alterations in patients with chronic kidney dis-
ease, particularly HD patients. Elevated ALP levels combined with high iPTH levels
are predictive of renal osteodystrophy but not of adynamic bone disease/osteo-
porosis. It should not be forgotten that osteoporosis occurs frequently among HD
patients, and that the gold standard for diagnosis is DEXA—not the use of bio-
chemical markers. 
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